The influence of age on mass ratio of the cationic Hexadecyltrimethyl ammonium bromide (CTAB) to Sodium salicylate (NaSal) was investigated earlier [5] . It was found that suitable mixture for turbulent drag reduction is made by equal mass of both components and that some excess of NaSal improves the durability in the range of low pressure drops while there is a negative influence of high pressure drops. Approximate limit is a critical wall shear stress about 6 Pa. The stability of drag reduction with age depends also on total concentration of both components which is the matter of investigation presented in this paper.
INTRODUCTION
It is believed that long thread-like micelles are responsible for surfactant turbulent drag reduction. Such a micelle microstructure ensues by mixing a cationic surfactant with a counter ion compound after a certain concentration is reached. The advantage of surfactant additives is their good resistance against mechanical degradation. Even though high shear will break up the micelle microstructure, the microstructure reassembles again after the shear is decreased and after some additional regeneration time the drag reduction is recovered [1] . However, age degradation is different: Surfactant solution loses gradually its drag reducing ability with time. Mechanical degradation of surfactants is a transient process in comparison to permanent mechanical degradation of polymeric additives [2 -4] while age dependent degradation of surfactants is permanent. 
Durability of a Drag Reducing Solution

DRAG REDUCTION OF THE SURFACTANT
Procedure of the durability investigation of drag reduction required long time experiments. Figure  1 shows the scheme of the experimental setup. Desired concentration of the surfactant solution was prepared in a tank with liquid content of about 60 l. From the tank the solution was delivered by plunger pumps into an overflow container. Pressure drop and mean velocity at 20ºC were measured intermittently in a 10.5 mm tube. In order to understand the aging of the solution it stayed in the tank without any stress applied between the measurements. Precaution against evaporation during experiments was taken.
The relation between the pressure drop, i = Dp/l [kPa/m], and mean velocity, v [m/s], is shown in Figure 2 . Results for solutions of various concentrations at 20ºC are shown here, their age is 2 to 4 days. This we consider a fresh solution. In Figure 2 calibration of the measuring section by water is shown by open circles. The curve follows pretty well the Blasius equation (1) where l is friction factor defined as (2) with tube diameter D [m] and density r [kg/m 3 ]. The pattern of iv curves for higher over-all additive concentrations is very peculiar and unexpected. The figure shows that pressure drop for two solutions with the highest concentrations exceeds by far the pressure drop of water in the range of low velocities. As a consequence, drag reduction starts only at higher velocities (high shear rates). This is probably due to high viscosi-ty of the surfactant solution. Usual iv curves which show drag reduction in the entire velocity range before the critical wall shear stress is reached have the form
Exponent n is larger than 1 in most measured curves but the solutions with 1.82/2.0 and 1.21/1.3 g/l concentration. All curves in Figure 2 have a concave shape in the beginning before they change to a convex shape. There is also an inflection point for solution 0.62/0.68 g/l. Only the concentration 0.35/0.39 g/l and less yields ordinary curves with shapes corresponding to the shown equation, i.e. shapes that were expected.
Smoothing the curves for low concentrations shows their parabolic character. However, they do not start from the origin but from the point on iv curve given by the pressure drop, i 1 , and mean velocity, v 1 .
Solutions shown in Figure 3 are 2 to 4 days old but of CTAB/NaSal different concentrations. Two solutions with lowest concentrations show the critical wall shear stress, t w, crit , already at the age of 3 and 4 days. Degradation of micelle network starts at the critical wall shear stress and the effectiveness of drag reduction above this value quickly decreases with increasing shear stress. Solutions with concentration below 0.24/0.27 g/l show the usual parabolic shape of i v curves while the two high concentrations produce again concave curves at the beginning with a later inflection.
Aging of diluted solution CTAB/NaSal = 0.13/0.14 g/l is shown in Figure 4 . Complete ability of drag reduction is lost within one month, however, maximum effectiveness at lower range of velocities (say up to 1 m/s, i.e. at approximately i = 700 Pa/m) is maintained. Critical wall shear stress constantly decreases with time. Degradation of the drag reducing ability is not recover-
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Applied Rheology Volume 18 · Issue 1 able. However, it should be kept in mind that in larger industrial tubes this value of wall shear stress corresponds to several times higher velocity. Full line in Figure 4 represents maximum available drag reduction in this system.
The plot of pressure drop, i, versus mean velocity, v, in Figure 5 shows the response of the solution CTAB/NaSal = 0.13/0.14 g/l to heating. Twenty days old solution was heated from 20ºC (marked É) to 40ºC (marked D). Heating was subsequently followed by a strong decrease of effectiveness. The same experiment was re-done with 30 days old solution heating from 20ºC (marked x) to 40ºC (marked with crossed x). In this case the change was not dramatic but, contrary, the drag reduction ability was slightly improved. Figure 5 shows that drag reduction in diluted CTAB/NaSal surfactant solution can be spoiled not only by age but also by heat.
The solution with higher concentration than the one shown in Figure 5 did not differ much in maximum effectiveness ( Figure 6 ). This figure shows the rapid degradation of the solution with concentration CTAB/NaSal = 0.22/0.25 g/l at 20ºC, also this solution degrades completely in a month. However, at low velocities, i.e. at low wall shear stress, drag reduction still holds on. The shape and position of iv curves of the solutions are identical up to the velocity when the value of t w, crit , is reached.
Stability of the solution with CTAB/NaSal concentration 0.35/0.39 g/l for two months is shown in Figure 7 . Full line in this figure is the Virk asymptote indicating maximum drag reduction in water with polymer addition [6] . The formula is (4) where l is the friction factor and Re is the Reynolds number assuming water viscosity. Results of our experiments in the 10.5 mm tube follow the Virk asymptote.
Complete loss of drag reduction ability of the 0.35/0.39 g/l solution is reached in two months as can be seen in Figure 7 . This is not an optimistic result. Only larger concentration of 0.62/0.68 g/l finally showed full durability for at least half a year. It means that in our experimental conditions we did not detect critical wall shear stress for this concentration during six months; critical wall shear stress in experiment with this solution was therefore higher than 8 Pa [7] .
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Volume 18 · Issue 1 Decrease of critical wall shear stress, t w, crit , with time is shown in Figure 8 for three low concentrated solutions. Values of the shear stress can however be determined only approximately. We see that CTAB solutions degrade with age; degradation depends on total concentration and is permanent. From Figures 4, 6 , and 7 approximate values of Re crit can be assembled. The dependence of Re crit goes in-line with degradation. The results presented so far allows us now to summarize drag reduction capability of the cationic surfactant CTAB. The viscoelastic surfactant (as well as similar CTAC -Cetyltrimethyl ammonium chloride) is not such a good drag reducer as the cationic non-viscoelastic Arquad SV50 [8] which shows more reliability and durability in the concentration spectrum up to 2.0/2.85 g/l [7] .
It is generally presumed that the shape of rodlike micelles is the main cause for drag reduction effect. We can speculate that the bounds responsible for formation of this shape are weakening with time when the micelles are strained [9 -10].
RHEOLOGICAL RESULTS
Viscoelastic properties of the CTAB/NaSal samples in tap water were investigated in rotational rheometer RS300 (ThermoHaake) with double gap cylinder system for both viscosity measurements and oscillation measurements. Stationary flow curves (CR modus) were obtained at 20ºC in the range of shear rates 0.1 to 1000 s -1 . Oscillation measurements were performed in frequency sweeps (CS modus) with a frequency range from 0.01 to 10 Hz at constant stress 1 Pa. Stress sweeps (CS modus) were performed in the stress range 1 -200 Pa at frequency 1 Hz. The aging of the samples were studied for two months from their preparation. Complex time dependent rheological material properties make it difficult if not impossible to predict the proper viscosity of these solutions [11] .
Viscosity curves of two CTAB/NaSal solutions, i.e. the dependence of apparent viscosity, h, on shear rate, g · , are in Figures 9 and 10 . Apparent viscosity of 1.21/1.33 g/l and 0.46/0.5 g/l solutions shows a distinct increase of viscosity with time. The constitutive Ostwald-de Waele equation was fitted to the obtained data. The solutions with 1.21/1.3 g/l, 0.62/0.68 g/l, 0.46/0.5 g/l and 0.24/0.27 g/l concentration showed the flow index is approaching or equal to 1 from the very start of experimenting, which means quasi-Newtonian behavior.
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Applied Rheology Volume 18 · Issue 1 Fresh solutions show loss modulus, G'', greater than storage modulus, G', in the sweep of frequencies 0.1 to 10 Hz, which means that viscous properties prevail over elastic ones. This state remained throughout the aging of the samples. There was no influence of age on G'. Values of both moduli are very low, they were found to be below 0.05 Pa.
Surprisingly, viscoelastic character of CTAB/NaSal solution was confirmed by positive values of first normal stress difference, N 1 (Figure  11 ). Normal stress investigation was carried out in the cone and plate system. However, the very low concentrated solutions showed a considerable scatter of measured results.
CONCLUSIONS
The iv curve, which shows the effectiveness of CTAB solutions, is stable in time until the critical wall shear stress is reached. At the flow above critical wall shear stress the solution loses quickly drag reduction effectiveness, at the flow with lower wall shear stress than the critical one the drag reduction remains stable. Nevertheless, the critical wall shear stress depends both on concentration and on age of the solution. The lower concentration the earlier starts the degradation. High concentration of CTAB/NaSal shows higher friction loss than water alone in the regime of low mean velocity. In the iv curve an inflection point then appears. Apparent viscosity of the solutions changes not only with concentration but also with age. Elastic properties characterized by the storage modulus are much less time dependent.
